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M e  th o d s 

R a in b o w  tr o u t  w er e  c o lle c ted fr o m  S a sh in  L a k e a n d  fiv e la k e s th a t 
ha  d  b  e en sto ck e d  w ith  fish  fr o m  Sa  sh in  L a k e in  1 9 3 8  (R o und L a k e , 
Be  tty La  k e, F a w n  La  k e,  R ez en o f  L a k e,  a n d  D a v id o f La  k e ).  R a in b o w 
tr o u t  w ere  a lso  co llected  fro m a  sectio n  o f  S a sh in  C r ee k  b e lo w  S a sh in 
L a k e  b u t  a b o v e th e a n a d ro m o u s  p o rtio n  o f  th e  cr ee k , b etw ee n b a rrie r 
fa lls.  M in n o w tr a p s, fy k e  n ets a n d  sp o rt lin es  w e re  u se d  to  co lle ct 
ra in b o w  tr o u t  a n d th e S a sh in  C r e e k w e ir  w a s  u se d to c o llec t  a d u lt 
ste elh ea d .  S a m p le  c o llec tio n s w e re  m a d e in  1 9 9 6  a n d  1 9 9 7 . 

T h ree b a sic b io ch e m ica l  p ro ceed u res  w e re  u sed  to  ex p lo re g e n e tic 
va r ia tio n  in  th e eigh t p o p u la tion s of  ra in b o w  trou t  a n d  stee lh ea d . 
V e n tr a l fin  tissu e  sa m p les  w e re ta k en  to  e x tr a c t m ito ch o n d ria l  a n d 
m icr o sa tellite  D N A .  T issu e  fr o m  th e h ea r t, liv e r,  e y e  a n d  sk eleta l 
m u scle  w a s  ta k en  to a n a liz e  en zy m e  c o m p o sitio n  (a llo z y m e s). 

F o r m ito c h o n r ia l D N A ,  a  h ig h ly  v a ria b le, 1 8 8  b a se p a ir  se g m e n t  o f  th e 
co n tr o l  r e g io n  a n d  5 b a se  p a irs of  th e ad ja ce n t p h en y lalan in e  tR N A 
g en e  w ere  se q u en ce d to  co m p a re v a ria tio n  b etw een th e eig h t 
p o p u la tio n s. 5 0 2 fish  w ere screen ed  a t  te n  n u clea r  m icr o sa tellite  lo ci  
ch o se n  fo r th is stu d y  b a se d o n  v a r ia b ility see n in  o th er stu d ie s. F o r 
allo zy m e an a ly sis,  h ear t,  liver ,  e y e  a n d  sk e le tal  m u sc le  in ea c h  o f 55 4 
fish  w er e scr ee n ed  at  a to ta l o f 73 lo c i  k n ow n  to  b e v a riab le  in 
ste elh ea d a nd r  a in bo  w  tr o u t. 

Background 

Habitat degradation caused by resource extraction, hydropower development and urbanization has 
caused serious declines in many steelhead populations on the Pacific Coast.  Many of these populations 
have been listed as threatened or endangered by the National Marine Fisheries Service. s part of that 
listing, the NMFS prepares and initiates programs designed to stop the decline and if possible rebuild 
the affected populations.  In extreme cases it might be necessary to remove the remaining fish or a 
portion of them into captivity or a suitable protected wild environment to preserve the genetic 
integrety of the population until their native habitat can be restored and they can be returned. 

Whenever wild fish  populations are maintained in captivity there are concernes about long term genetic 
change (domestication selection, genetic drift, population  bottlenecks etc.) occuring that might reduce 
their ability to readapt to their original environment when reintroduction is attempted.  It is thought 
that some of the detrimental  effects of domestication  can be reduced if part or all of the life cycle is 
allowed to occur ith minimal human intervention (spawning in a natural environment with natural 
mate selection for example).  In 1996, researchers at the Little Port Walter Research Station recognized 
that a unique situation existed in the Sashin Creek watershed that might provide information on long 
term genetic change that could occur when a population is removed from its natural environment and 
moved to a different wild environment and maintained there under natural conditions for many
decades. 

In 1926 workers from the Wakefield Fisheries Plant at Little Port Walter captured juvenile trout  from 
lower Sashin Creek, that has a small wild steelhead population, and transported them to Sashin Lake 
which, until that time, had been barren of any fish.  By 1936 when a survey of the lake was done, the 
population numbered in the thousands and has continued so to this day.  No other introductions of fish 
into the lake are known to have occurred and the habitat of the watershed has remained in a pristine 
condition since that time. n 1938 Forest and Fisheries Service personel, responding to requests to 
increase sport fishing opportunities on Baranof Island, initiated a series of transplants from Sashin Lake 
to many other barren lakes and successfully established populations in many of them. nlike the first 
transplant of fish by the Wakefield workers for which numbers of fish moved were not recorded, good 
records were kept of the 1938 transplants on timing and numbers of fish used to establish each 
population. 

By using various biochemical  techniques such as starch gel electrophoresis and DNA sequencing, 
researchers hoped to be able to see how much, if any genetic change has  occurred since the two 
transplant events. 

Results 

Dramatic differences were observed in some forms of genetic variability for all three methods tested. 

For mtDNA, five haplotypes were observed in the steelhead but only the most common of those, MSY1, was observed in 
the rainbow populations above the barrier falls or in the other lakes derived from the Sashin Lake fish (1938 transplant).
For the microsatellite loci observed, 111 alleles were found in the 10 loci for all the samples combined. Twenty-seven of 
the 111 alleles were classifed as "common" in that they had a frequency greater than 5% in the combined population 
sample. The incidence of these common alleles was not significantly different between the populations.  The major 
difference was in the rare and unique alleles. Rare alleles are those that are found in more than one population but at a 
frequency of 5% or less for all populations combined. Unique alleles are those found only in one population. In these 
populations the unique alleles were also at low frequency and when combined with the rare alleles accounted for 84 
allelic variants. For this form of genetic variation there were dramatic differences between populations with the the 
rainbow populations having four to five times fewer unique and rare microsatellite alleles per fish than the steelhead. 

Results were even more dramatic for the allozyme loci. Of the 73 loci screened, 20 were found to be variable in one or 
more of the eight populations examined and contained 62 allelic variants. Presence of unique and rare alleles was 
generally 10 times lower in the rainbow populations. 

Very little difference was detected between Sashin Lake and Round Lake (which was started with a transplant of 85 fish 
10" or longer) populations for rare microsatellite alleles however some reduction was seen in the frequency of rare 
allozyme alleles. The Betty Lake, Fawn Lake, Davidof Lake and Rezanof Lake populations were all started with 50 fish 
each (also 10" or longer) and had some variability in reductions in rare alleles. Betty Lake had a substantial reduction in 
rare microsatellite alleles while little difference was detected in the other three lakes. For allozyme loci, no rare alleles 
were detected in either Betty or Fawn Lake populations and Rezanof Lake had some reduction in number. 

Conclusions 

Substantial genetic differences exist between the anadromous steelhead of lower Sashin Creek and 
the resident rainbow trout population of Sashin Lake.  The genetic evidence indicates that the 
Sashin Lake rainbow population is a subset of the steelhead population of the lower creek which is 
consisitant with the historical stocking information.  All three types of genetic data indicate a 
substantial reduction of genetic variability in the lake population which is likely to have occurred 
because of a population bottleneck (very few individuals reproduced to create the following 
generation) at some stage.  Because the watershed is in pristine condition and the surveys in 1936 
revealed a population in the lake numbering in the thousands and has continued so to this day, it is 
likely the bottleneck occurred at, or within, a couple of years of the original transplant in 1928.  The 
data from the mitochondrial DNA ( which is inherited only through the female parent) indicates 
that probably fewer than five females successfully reproduced to start the Sashin Lake population. 
While the majority of the common microsatellite and allozyme alleles appear to have survived the 
bottleneck, a substantial amount of variation in terms of rare alleles was lost. oss of rare alleles in 
a population often occurs through genetic drift, a random, stocastic process accentuated by small 
population size through several generations or occassionally, a one time event because of a very 
small population.  Because of the history of Sashin Lake, the microsatellite and allozyme data also 
confirm the evidence for an initial bottleneck event. 

The results of the genetic data also confirm the 1938 transplant information and generally rule out 
any successful subsequent stocking of other fish into those systems after the original one.  Unlike 
the dramatic loss of genetic variation that occurred with the first transplant event in 1928, 
relatively modest amounts of loss were detected in the five populations created from the 1938 
transplants.  Some reduction in rare alleles for either or both microsatellite and allozyme loci does 
indicate that the stocking rates were not sufficient  to transfer the genetic variation still remaining
in Sashin Lake intact to the other lakes.  It is important to note however that in the case of Round 
Lake, where the maximum possible effective population size for the first generation was the number 
stocked (85) and the actual number was probably far less, most of the genetic variation seen in the 
Sashin Lake fish was successfully transferred. 

This research highlights both the potential genetic pitfalls and possibilities of using small numbers 
of fish to establish new populations.  In areas where populations have  become depleted and 
threatened, it may be possible to remove a portion of what remains to an isolated, protected 
environment with the expectation that, after several generations, a significant portion of the gentic 
variation originally present will remain if genetic bottlenecks can be avoided.  It also indicates that 
significant ancestral genetic variation may still remain in the upper reaches of watersheds whose 
fish populations  were bisected by dams. 
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